Root decay is a complex and multifactorial disease. The aim of this study is to assess in vitro the sealing capacity of common aesthetic materials used to restore root caries as well as the size of the hybrid layer formed by SE-1 step vs 2-step ER adhesive techniques. For this study, 45 extracted teeth were used. After cleaning, near the enamel-cement junction, but at the level of the cementum, cavities were prepared and restored with resin composite, giomer and glass-ionomer cements. The teeth were covered with nail polish leaving uncovered the restoration area and 2mm around it; teeth were kept for 24 h , in 2% methylene blue. To assess the degree of marginal adaptation, SEM analysis was further performed. The association of 2-step ER adhesive system with giomers and resin composite shows the maximum adhesion efficiency by forming a uniform, thick layer and dentinal tubules obliteration compared to SE-1 step adhesive system associated with the same restoration materials.
Root decays are considered a major oral health problem in the elderly. This hypothesis is argued by the increase in the average life of the population and the persistence on the oral arch of the teeth for a longer time associated with the periodontal recession process which is considered one of the triggering causes of the root decays.
Root decay is a complex and multifactorial disease. A more recent review of the literature has identified the following factors, organized in four areas, as responsible for root caries production: socio-demographic factor (age, gender, race/ethnicity), systemic health status (dementia), parameters in the intra oral area (number of teeth, bacterial plaque, bacterial species, dental caries index, loss of periodontal insertion, gingival recession, salivary flow) and behavioral ones (dental hygiene, brushing, smoking) [1] .
The therapeutic management of root caries is based on the application of methods of prevention and remineralization of damaged dental structures to the detriment of the actual restoration techniques. The use of atraumatic restorative therapy (ART) is considered a viable solution due to its advantages of using hand tools without anesthesia and lesion restoration with a glass ionomer cement [2, 3] .
The restoration is done only when the cavity is formed and the age and the patient's health status are taken into account. Due to local anatomical features, various restorative materials and preparing techniques can be imployed. Thus, when restoration is done with nonadhesive materials, the preparation requires retention both on the cervical and apical walls; if restoration is done with resin composite, it is only performed in the apical wall, and when restoring with the glass ionomer cement it does not require physical retention. In this way, the clinical success appreciated through a correct marginal adaptation is in correlation with several factors such as morphological particularities, the preparation pattern and the category of restorative material used [4] .
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Experimental part
Near the enamel-cement junction, but at the level of the cementum, cavities were prepared according to the minimally invasive principles, using a high-speed diamond bur, under water cooling and a low speed round bur. The approximate dimensions of the cavities were 3 mm middistal, 4 mm occluso-cervical and 1.5 mm in depth.
Tooth restoration
Depending on the restoration material and the type of adhesive system, the teeth were divided into 3 groups (A, B, C), with subdivision of the batches into 3 subgroups, in total resulted 9 groups with 5 teeth each and 10 restorations in each group (table 1) .
The materials used in the study and in their composition are presented in table 2.
The protocol for applying restoration materials was as follows (table 3): (1) 2-step ER adhesive system protocol: Adper Single bond (3M Espe);
After the preparation of the cavity, etching acid (Scotchbond) was applied, which was kept on the tooth for 15 s, then it was removed by washing for 10 s. Next, excess water was removed and two consecutive Adper Single bond (3M Espe) adhesive layers were applied, which were gently dried for five seconds to evaporate the solvents and lightcured for 10 s.
(2) 1-step SE adhesive system protocol: G-Bond (GC);
The adhesive was applied to the cavities, kept on the tooth for 10 s, then dried for 5 s and 10 s of lightcuring was achieved. After the restoration, the teeth were finished and polished (using diamond burs at high speed and water spray) then placed in distilled water and kept until the next experimental step (24 h). Using carbide and diamond burs with high speed and water spray for finishing composite restorations don't seem to have a detrimental effect on the joint between enamel and composite resin [5] .
Further, the protocol consisted of isolation of: teeth with nail polish leaving uncovered the restoration area and 2mm around it; teeth insertion, for 24 h, in 2% methylene blue; toothbrushing and toilets to remove the superficial methylene blue solution; cutting teeth with a diamond disk, at low speed, under cooling with water.
The assessment of marginal infiltration was made by the assessment according to the scores presented in table 4 [6] .
To assess the degree of marginal adaptation, SEM analysis was further performed after dehydration and sample preparation.
Results and discussions
The results obtained after inserting the teeth into 2% methylene blue are shown in figures 1-9. From the infiltration point of view, the restoration with Adper Single bond (3M Espe) + Beautifil flow plus and Beautifil II (Shofu) gave the best results (0 score, no infiltration), the infiltration of methylene blue was minimal (score 1) for Adper Single bond (3M Espe) + Gradia Direct (GC) and Dyract (DeTrey Dentsply) as well as the G-Bond + Dyract combination (DeTrey Dentsply), teeth that have been restored with Glass Ionomer Base Cement, Hi Dense (Shofu) were more impregnated (score 3). Infiltration was moderate (score 2) for Ketac Molar Easymix (3M Espe) and G-Bond + Beautifil flow plus and Beautifil II (Shofu) only in the root area.
The batch distribution on the scores and the type of material is presented in table 5 .
The SEM analysis revealed the following aspects of the adhesion performance shown in figures 10-27.
The goals of root decays treatment are to restore the structural loss caused by the carious process, to protect the pulp and to prevent the occurrence of secondary caries.
Restoration of the root caries presents a series of difficulties represented by periodontal and pulp aspects, isolation, retention, access, visibility, post operative sensitivity, anatomic features.
In root injuries involving cement and dentin walls, the polymerization shrinkage of the composite resin can lead to the formation of voids at the restoration interface/ dental structure level. The appearance of dentinal tubules is more homogeneous, of regular size, with wellcontoured walls, net outline.
Fig. 14 Area of resin compositeadhesive systemdentin, 500x magnification Hybrid layer of 40-50µm. magnification. The undefined hybrid zone, festooned. Fig. 18 . Adhesive system-dentin area at 5000x Fig. 19 . Giomer -G bond adhesive system-hybridized smear layerdentin area, magnified 500 x. In this study, teeth restored with composite resins, giomers and compomers in combination with 2-step ER and 1-step SE adhesives as well as self polymerizable glass ionomer cement were used for the evaluation of marginal adhesion and microleakage.
The test by which the sealing capacity of a restoration material is checked is maintaining marginal adaptation. To determine the degree of marginal microleakage in this study we used 2% methylene blue. This colorant is highly water-soluble and penetrates the dental structures, plus it has a low molecular weight (about 0.52 nm 2 ) compared to the diameter of the dentinal canals (1-4µ) and the bacteria (2-4µ) and easily penetrates dentinal canals imitating the passage of bacterial toxins into them [7] .
In the present study, marginal microleakage was present to some extent in almost all the restoration materials used, the glass ionomer exhibiting a maximum infiltration followed by composites, giomers and compomers which showed better results with minimal infiltration. These data are consistent with the study by Sayed HYEl et al. which showed that the marginal microleakage of glass ionomer cement, composite and compomer restorations was evident in all restoration materials [8] .
Glass ionomer cement has a lower sealing capacity and among the three cements used in this study, Ketac Molar has a slight superiority compared to the other two cements (Glass Ionomer Base Cement, Hi Dense).
Glass ionomer cement has many qualities that recommend it as the ideal material for the restoration of the root caries because it performs a chemical retention with the dental structure, releases fluoride throughout the retention period [3] .
However, glass ionomer cement has poor sealing capacity when used to prevent marginal microleakage. The presence of smear layer as well as the polymerization shrinkage may affect the sealing capacity of the glass ionomer cement [9] . Higher infiltration capacity at the level of the teeth restored with glass ionomer cement could be attributed to inappropriate condensation with the incorporation of air bubbles. The glass ionomer cements used in the study are self-polymerizable, so preparation is done extemporaneously by combining a powder with a liquid. This preparation method cannot accurately measure the quantities of the mixture while the encapsulated preparations are not subject to such errors. This may be the explanation for glass ionomer cements showing a less tight marginal adaptation compared to Dyract [10] .
In addition, water loss from the composition of glass ionomer cement results in a porous aspect with microscopic cracks. To prevent this, it is important that the cement is protected with varnish or grease (petroleum jelly). In this context, studies show that the failure of a glass ionomer cement occurs inside it rather than at the glass ionomer cement /tooth interface. So, determining the adhesion force of glass ionomer cement is actually measuring the resistance to cement stretching. This force is relatively low in freshly prepared cement, but increases in time [3] .
Other authors reported frequent voids and fractures at the interface with gingival wall as well as cohesive fractures, concluding that all types of failures are present in glass ionomers cements, when using them in opensandwich technique [11] .
In this study, microleakage was minimal when Adper Single bond (3M Espe) + Dyract (DeTrey Dentsply) as well as the G-Bond + Dyract combination (DeTrey Dentsply) were used. But, in class V compomer-filled cavities, Rominu showed that microleakeage at the gingival interface could be significantly reduced by aditional silane treatmentof previously acid etched dentin [12] .
Resin composites are the first restoration materials that maintain marginal integrity over a clinically acceptable period [13] .
The advantage of using composites to restore root caries is the ability to adhere without mechanical retention, and the disadvantages are the need for good isolation, good visibility, furthermore the adhesion to dentin is inferior to adhesion to enamel.
Acid etching, the application of a low viscosity bonding agent and the provision of perfect insulation should be routine procedures for all composite resin restorations [13] . The composite material used in this study is Gradia Direct (GC). Gradia Direct is a lightcuring hybrid composite that contains pre-polymerized micro-particles, a coupling agent and dimethacrylate urethane as a matrix. This product offers significant advantages in aesthetics, finishing, wear and tear resistance as well as a lower susceptibility to polymerization shrinkage. All of these factors can contribute to the good performance of composite materials in this study.
The giomers are new, effective restorative and adhesive dental materials with a high capacity of both fluoride release and recharge with it, biocompatible and aesthetic. For these reasons, they are the ideal material for restoring the defects of the root area. The giomer concept is based on pre-reacted glass ionomer (PRG) technology.
Adhesive agents in the study used are 2-step ER Adper Single bond (3M Espe) and SE 1-step, G-Bond. Adper Single bond (3M Espe) is a fifth generation adhesive system. It removes the smear layer, enlarges the dentinal tubules and demineralizes the intratubular dentin. Primer moistens the collagen fibers, which leads to the formation of the hybrid layer.
G-Bond is a 7th generation (single component) adhesive system that combines acid and adhesive technology with superior chemical and mechanical adhesion. Self-etching adhesives do not require a separate etching phase because they contain an acid monomer in a solution of water or HEMA-based adhesive. The separate tooth rinse phase is eliminated because these systems contain water that is never completely removed from the tooth.
For these reasons, the marginal adaptation of a restoration depends, in addition to the type of material or techniques of polymerization, on the use of different adhesive systems. The composite material is associated with a different microleakage depending on the adhesive technique.
In this study, SEM analysis shows that ER Adper Single bond (3M Espe) and Gradia Direct (GC) resin composite exhibits maximum adhesion efficiency.
SEM analysis conducted in their study by Qi CZ and et al. shows that ER adhesive achieves a better bond to enamel compared to SE adhesives, but the bond to dentin and cement did not show any significant difference [14] .
In this context, in another study, the authors concluded that marginal integrity of enamel increased significantly when ER adhesive systems and composite resin were used; the marginal integrity of dentin increased significantly in composite restorations using SE. Both the marginal seal of enamel and dentin increased significantly by using an SE adhesive system instead of the glass ionomer cement conditioner [6] .
In the present study, the association of Adper Single bond (3M Espe) with the Beautifil flow plus and Beautifil II (Shofu) is the most beneficial, the study shows that there is no marginal microleakage. The result is consistent with Santos et al. which in their study showed that the ER adhesive system presented the best resistance to dentin, concluding that these adhesive systems are superior to SE adhesives [15] .
This result is, however, inconsistent with some literature studies that show that AdperTM Single Bond adhesive system provides a lesser marginal adaptation to the greater presence of marginal microleakage compared to SE 1 step GBond. In this context it is supported the idea that there is a higher degree of microleakage at the gingival margin compared to occlusal one [16, 17] .
In this study, the association of G-Bond (GC) with composites or compomers has been shown to have inferior results compared to the results obtained by associating the same materials with the ER 2 step technique. However, in this association the study showed that infiltration was present only at enamel-cementum jonction.
The results are in agreement with other studies that suggest that the SE 1-step technique (G-Bond (GC)) has less marginal sealing capacity compared to the ER 2 step Adper Single bond (3M Espe) technique [18, 19] .
Although the ER adhesive system has shown better values in a meta-analysis by Masarwa N et al., compared to the SE system, the authors did not find any significant difference in the longevity of the restorations made with the two types of adhesive techniques [20] .
The adhesive layer should act as an elastic pad against various stresses, with many factors affecting its stiffness/ elasticity. These include the modulus of elasticity of its components, the thickness of the hybrid layer and the degree of interaction between its components [21] and the type of monomer it makes up. The presence of bisphenol glycidyl methacrylate (BIS-GMA) makes the adhesive more rigid due to its high molecular weight compared to other monomers, such as urethane dimethacr ylate (UDMA) and triethylene glycol dimethacrylate (TEGDMA).
Thus, the absence of BIS-GMA from GC Bond makes the adhesive layer more elastic and more tolerant of stress compared to Adper adhesive system.
The results of Carrera's recent research have shown that the mean adhesion strength with SE (14.9 ± 1.9 MPa) was significantly higher than ER Adper Single Bond (12.9 ± 3.0 MPa) (p <0.05); Most specimens (91.3%) presented a pattern of adhesion failure and fractures along the resin composite-dentine interface. SE failed mainly at the dentine-adhesive interface, while ER Adper Single Bond at the composite-adhesive interface [22] .
Due to the high degree of hydrophilicity, SE 1-step lightcuring adhesives have been shown to act as permeable membranes, allowing water to pass through the adhesive layer.
For SE 1-step adhesives without HEMA (G bond) a complex phase separation process was reported in which water is separated from other adhesive components. This process is determined by gradual evaporation of the organic solvent (usually ethanol and acetone) with bubble formation in the adhesive layer. It is obvious that the incorporation of the bubbles may contribute to the degradation of adhesion, but persistence of the water in the adhesive layer can also negatively affect the adhesion [23, 24] .
In the present study, the association of Adper Single bond (3M Espe) with Beautifil flow plus and Beautifil II (Shofu), but also with Gradia direct composite, resulted in the formation of a strong hybrid layer of approx. 50 µm, with the uniform dissemination of the particulate material on the dentin surface, as well as the obliteration of the dentinal tubules.
Instead, associating G-bond with the same restoration materials formed a much smaller hybrid layer of about 20 µm with the presence of pores and partial obliteration of dentinal tubules.
In agreement with this, Albaladejo concludes that ER adhesive systems have thicker layers than those formed in self-etched adhesive systems but both were continuous and uniform in thickness, and the all-in-one adhesive used in his study showed the formation of droplets between the adhesive and composite resin; they may occur as a result of the absorption of dentine water through osmosis and may interfere with the polymerization process of the resin [23] .
Other studies, that used Adper Single Bond as an adhesive in combination with the Filtek Z250 composite resin, revealed an average thickness of the 8-12 µm in the hybrid layer [25] .
Studies show that the hybrid layer formed by SE 1 step measures 3 -5µm and resin tags of approximately 2 -3 µm. Both the length of the resin tags in the dentine as well as the thickness of the hybrid layer produced by the 7th generation adhesives are lower compared to the fifthgeneration adhesives. This can be determined by the weak etching used in SE techniques (GC Bond) [21] .
The adhesion after use of the ER system is much deeper compared to the effect produced by the 7th generation of SE adhesives and the adhesive interface is more uniform in SE containing the acidic monomer which dissolves the hybrid layer [26, 27] .
As far as the compomers are concerned, in this study Adper adhesive and Dyract compomer formed an adhesivecompomer hybrid layer of approx. 2-3 µm indefinitely delimited, festooned. Instead, the G-bond adhesive associated with the same compomer formed a wellorganized, homogeneous hybrid layer, ~ 20 µm thick, with approximately homogeneous particles that seem to seal the dentinal tubules well.
It is true that self-etching adhesives exhibit lower adhesion resistance values, but the advantages of simplicity of the technique and elimination of rinsing and drying steps cannot be ignored. In this way, the possibility of over-wetting or over-drying, which are detrimental to the integrity of the interface, is reduced. Future clinical studies are needed to confirm that these characteristics are important to the longevity of restoration [28] .
Conclusions
The present study was conducted to assess the performance of root restorations in vitro by analyzing the adhesion resistance achieved with aesthetic restorative materials.
The association of Adper Single bond (3M Espe) with Beautifil flow plus and Beautifil II (Shofu) and Gradia Direct (GC) composite shows the maximum adhesion efficiency by forming a uniform, thick layer and dentinal tubules obliteration compared to G-Bond adhesive (GC) associated with the same restoration materials.
Simple techniques, moderate etching and low sensitivity, in addition to its performance, make the clinical choice of 7th generation adhesives an advantage.
